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Titre: Prévalence de la tuberculose chez les enfants migrants en Suisse et analyse de la 
pertinence des guidelines actuelles de dépistage  
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Résumé 
OBJECTIFS: Depuis 2016, les directives suisses recommandent de dépister la tuberculose chez tous 
les enfants migrants de moins de 5 ans, ainsi que chez les enfants plus âgés uniquement s'ils 
présentent des facteurs de risque pour la tuberculose. Les objectifs de cette étude sont de décrire 
l'épidémiologie de la tuberculose latente chez les enfants migrants à l’hôpital universitaire de 
Lausanne, d'identifier les facteurs déterminants de tuberculose latente et maladie et d'évaluer le 
risque de résultats faussement positifs du test de Mantoux lors de l’utilisation d’une limite de 
positivité à  ≥ 5 mm.  
 
MÉTHODE: L’ensemble des enfants migrants âgés de 0 à 18 ans nouvellement arrivés en Suisse, 
effectuant leur bilan d’entrée à l’hôpital universitaire de Lausanne ont été recrutés prospectivement 
du 31 août 2015 au 31 août 2017. Chaque enfant bénéficiait d’une évaluation du risque d’exposition 
à la tuberculose et de symptômes/signes de tuberculose maladie, puis une injection de tuberculine 
(test de Mantoux) leur était administrée. Chez les enfants ≥ 5 ans, lorsque le test de Mantoux 
revenait positif, un test TB-spot était réalisé. Les enfants présentant des signes cliniques et/ou 
radiologiques de tuberculose maladie bénéficiaent d’investigations supplémentaires. Un diagnostic 
de tuberculose latente était posé chez les enfants ≥ 5 ans avec un test TB-spot positif et les enfants 
<5 ans avec un test de Mantoux positif, sans signes clinico-radiologiques de tuberculose active. 
Chez les enfants ≥ 5 ans, lorsque le test TB-spot était négatif, le test de Mantoux était déclaré faux-
positif. Les analyses statistiques ont permis d’identifier les potentiels facteurs déterminants de 
tuberculose (maladie et latente) et des résultats faussements positifs de Mantoux. Le Student’s t-test 
et le test de Kruskal-Wallis ont été utilisés pour les variables continues, le test du chi-carré et le test 
Fisher’s exact pour les variables catégorielles. Toutes les variables avec une p-value de < 0,05 ont 
été incluses dans un modèle de régressions logistiques multivariées. 
 
RÉSULTATS: Deux cent cinquante-trois patients ont été éligibles. L'âge médian des patients était 
de 8,1 ans (IQR 4,5-12,8) et 104 d’entre eux (41%) étaient des femmes. Vingt-quatre pour cent des 
patients (62/253) venaient d'un pays avec une incidence modérée à élevée de tuberculose active (≥ 
80 cas pour 100 000 personnes). Vingt-huit patients (11%) ont présenté un test de Mantoux positif, 
et une tuberculose a été confirmée chez 17 (6,7%) d’entre eux (16 avec tuberculose latente et 1 avec 
tuberculose maladie). Les analyses multivariées ont montré une association significative entre le 
diagnostic de tuberculose et une incidence modérée à élevée de tuberculose active dans le pays 
d'origine (aOR 18,8, IC à 95% 5,1 à 68,6, p <0,001), l’âge (aOR 1,1, IC à 95% 1,0 à 1,3, p = 0,025) 
et un contact avec un patient atteint de tuberculose active (aOR = 8, IC à 95% 1,8–36,2, p = 0,007). 
Parmi les 23 enfants de plus de 5 ans avec test de Mantoux positif, une mesure entre 5-9 mm était 
plus fréquente en cas de résultat faussement positif (5/9, 56% vs 0/14, 0% , p = 0,002). La 
vaccination préalable par le BCG était la seule variable significativement associée à un test de 
Mantoux faussement positif (p = 0,03). 
 
CONCLUSION: Même en l'absence de facteurs de risque, le dépistage de la tuberculose chez les 
enfants migrants ≥ 5 ans pourrait s’avérer bénéfique en matière de santé publique. Une 
augmentation de la limite de positivité du test de Mantoux à ≥ 10 mm permettrait de diminuer le 
taux de résultats faussement positifs. Une évaluation nationale des enfants migrants âgés de 5 à 15 
ans devrait être effectuée pour confirmer nos résultats. 
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Summary

AIMS: Since 2016, Swiss guidelines recommend screen-
ing of all migrant children <5 years of age for tuberculosis
(TB) and to screen older children only if they have risk fac-
tors for tuberculosis. Our goals were to describe the epi-
demiology of latent tuberculosis in migrant children at the
Lausanne University Hospital, to identify determinants of
latent tuberculosis and tuberculosis disease, and to eval-
uate the risk of a false-positive tuberculin skin test when
using a positivity limit of 5 mm.

METHODS: Newly arrived migrant children 0–18 years of
age were prospectively enrolled from 31 August 2015 to
31 August 2017. Every migrant child was assessed for the
risk of tuberculosis exposure and tuberculosis disease and
was administered a tuberculin skin test. A tuberculosis-
spot test was performed in children ≥5 years of age when
the tuberculin skin test was positive. Children with clinical
and/or radiological signs of tuberculosis disease were fur-
ther investigated. Children ≥5 years of age with a positive
tuberculosis-spot test and children <5 years of age with
a positive tuberculin skin test, without clinico-radiological
signs of tuberculosis disease received a diagnosis of la-
tent tuberculosis. A false-positive tuberculin skin test result
was diagnosed in children ≥5 years of age when the tu-
berculosis-spot test was negative. Potential determinants
of tuberculosis (latent tuberculosis and tuberculosis dis-
ease) and of false-positive tuberculin skin tests were iden-
tified. Student’s t-test or the Kruskal-Wallis test were used
for continuous variables and the chi-square test or Fish-
er’s exact test for categorical variables. All variables with
a p-value <0.05 were included in a multivariate logistic re-
gression model.

RESULTS: Two hundred and fifty-three patients were el-
igible for the study. The median age of the patients was
8.1 years (interquartile range [IQR] 4.5–12.8) and 104
(41%) were female. Twenty-four percent of the patients
(62/253) came from a country with a moderate–high in-
cidence of tuberculosis disease (≥80 cases per 100,000

individuals). Twenty-eight patients (11%) had positive tu-
berculin skin tests, and tuberculosis was confirmed in 17
(6.7%) of these patients (16 with latent tuberculosis and 1
with tuberculosis disease). On multivariate analysis, mod-
erate–high incidence of tuberculosis disease in the coun-
try of origin (adjusted odds ratio [aOR] 18.8, 95% confi-
dence interval [CI] 5.1–68.6; p <0.001), older age (aOR
1.1, 95% CI 1.0–1.3; p = 0.025), and contact with a tu-
berculosis disease patient (aOR 8, 95% CI 1.8–36.2; p =
0.007) were associated with a diagnosis of tuberculosis.
Among the 23 children over 5 years of age who had a
positive tuberculin skin test with measurement available, a
measure between 5–9 mm was more frequent in case of
a false-positive tuberculin skin test (5/9, 56% vs 0/14, 0%,
p = 0.002). BCG vaccination was the only predictor of a
false-positive tuberculin skin test (p = 0.03).

CONCLUSION: Screening migrant children ≥5 years of
age for tuberculosis could confer a public health benefit
even in the absence of other risk factors. The limit of tu-
berculin skin test positivity could be raised from ≥5 mm to
≥10 mm to decrease the rate of false-positive results. A
national assessment of migrant children between the ages
of 5 and 15 should be carried out to confirm our findings.

Keywords: latent tuberculosis, tuberculosis disease, mi-
grant children, tuberculin skin test, TB-Spot, false-positive
tuberculin skin test, paediatrics, infectious disease

Introduction

Despite a global downward trend, tuberculosis (TB) re-
mains one of the deadliest communicable diseases. The
World Health Organization (WHO) reported 10 million
new tuberculosis disease cases in 2017, and 10% of the
cases were children with tuberculosis disease [1]. It was es-
timated that tuberculosis caused 1.3 million deaths among
human immunodeficience virus (HIV)-negative people
and 300,000 additional deaths among HIV-positive people
in 2017 [1].
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In Switzerland, approximately 550 people are diagnosed
with tuberculosis each year, and the majority of them were
born in a foreign country with a high prevalence of tuber-
culosis and/or were of foreign origin [2]. In 2018, Switzer-
land recorded 70 cases of tuberculosis disease in patients
<18 years of age and 13 of the patients were <5 years of
age. Since 2016, Swiss guidelines recommend that all mi-
grant children <5 years of age are screened for tuberculo-
sis and that older children are screened for tuberculosis on-
ly if they have risk factors for tuberculosis [3]. Children
<5 years of age are at much higher risk of developing se-
vere forms of tuberculosis disease, especially tuberculous
meningitis and milliary tuberculosis. However, older chil-
dren are at higher risk of having been exposed to tubercu-
losis [4]. The absence of screening of the older children for
tuberculosis may have public health implications because
they are at risk of developing tuberculosis disease later on,
but this risk is difficult to assess because there are no da-
ta on the prevalence of latent tuberculosis infection (LTBI)
among migrant children in Switzerland.

Our main objective was to describe the epidemiology of
latent tuberculosis infection in migrant children followed
up at the Lausanne University Hospital. Our secondary ob-
jectives were to identify determinants of latent tuberculosis
infection and tuberculosis disease, and to evaluate the risk
of a false-positive Mantoux tuberculin skin test with a pos-
itivity limit of 5 mm.

Methods

Design, setting and population
We conducted a prospective single-centre cohort study in a
tertiary care hospital. Lausanne University Hospital is the
reference centre for children seeking asylum in our region.
More than 90% of migrant children in the district of Lau-
sanne and Western Lausanne are followed up in our hospi-
tal. Based on our estimates, this represents about 40% and
3% of asylum seekers located in the Canton of Vaud and
in Switzerland, respectively. Newly arrived migrant chil-
dren and adolescents who were born abroad and arrived
in Switzerland less than one year ago and who were be-
tween 0 and 18 years of age were approached by paediatric
residents between 31 August 2015 and 31 Augus 2017 for
participation in the study. They were enrolled on a con-
secutive basis. Primary exclusion criteria were refusal to
participate, screening before the medical assessment and
tuberculosis disease diagnosed before the assessment. Par-
ents or legal guardians and adolescents who agreed to par-
ticipate provided written informed consent. Patients were
secondarily excluded in the event of absence of a tuber-
culin skin test or lack of tuberculin skin test interpretation.

Past medical and migratory history obtained from medical
charts and interviews were recorded on a standardised
case-report form. Paediatric residents filled in the ques-
tionnaire with the patients and their parents. An interpreter
translated when patients and their parents did not speak
French fluently. This study was approved by the local in-
stitutional ethics committee (protocol number 290/15) and
conducted in accordance with the principles of the Decla-
ration of Helsinki, the standards of Good Clinical Practice
and Swiss regulatory requirements.

Study procedure and definitions

Procedure
Every migrant child was assessed for their risk of tuber-
culosis exposure and tuberculosis disease based on a thor-
ough review of their past and current medical history and a
complete physical examination. Presence of a bacillus Cal-
mette-Guérin (BCG) vaccine scar, an indicator of vacci-
nation against tuberculosis, was also noted. A tuberculin
skin test using purified protein derivate (PPD-RT 23, 2 TU
from SSI, Copenhagen, Denmark) was performed on every
child. The tuberculin skin test was read after 48–72 hours,
and according to Swiss tuberculosis guidelines [3], a tu-
berculin skin test ≥5 mm was considered positive. A chest
X-ray was performed for all children with a positive tuber-
culin skin test and was interpreted firstly by an attending
paediatrician and secondly by a paediatric radiologist in
doubtful cases. When X-ray results and/or clinical evalua-
tion showed findings compatible with tuberculosis disease,
children were investigated further to confirm or exclude
the diagnosis. Children ≥5 years of age with a positive tu-
berculin skin test but no clinico-radiological indication of
tuberculosis disease were prescribed a TB-spot test (TB-
SPOT.TB®, Oxford Immunotec North America).

All children diagnosed with latent tuberculosis infection
received either monotherapy with isoniazid (INH) for 9
months or bitherapy with INH and rifampicin (RIF) for 3
months, which are the recommended treatments for latent
tuberculosis infection [5].

Definitions
Latent tuberculosis infection: children <5 years of age:
positive tuberculin skin test but no clinico-radiological in-
dication of tuberculosis disease; children ≥5 years of age:
positive tuberculin skin test and positive TB-spot test but
no clinicradiological indication of tuberculosis disease

False-positive tuberculin skin test (no latent tuberculosis
infection): children ≥5 years of age with a tuberculin skin
test ≥ 5 mm and a negative TB-spot test.

Tuberculosis disease: clinico-radiological signs of tuber-
culosis disease with no other potential aetiology with or
without a positive tuberculin skin test and/or TB-spot test
and, with or without documentation (PCR, culture, or mi-
croscopy) of the presence of the Mycobacterium tubercu-
losis complex.

Moderate-high incidence of tuberculosis disease: ≥80,000
cases per 100,000 individuals per year.

Outcomes
Our main outcome measure was diagnosis of latent tuber-
culosis infection or tuberculosis disease. Our secondary
outcome measure was a false-positive tuberculin skin test.
Gender, age, BCG vaccination, tuberculosis disease con-
tact, migration time, urban residency, tuberculosis disease
incidence and exposure to armed conflicts were considered
potential risk factors for the above outcomes.

Statistical analysis
No sample size calculation was made, as our main objec-
tive was to describe the epidemiology of latent tuberculosis
infection in migrant children. We estimated that we would
be able to recruit about 250 patients, including around 20
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patients with latent tuberculosis infection, in a 2-year pe-
riod. Demographic information, including gender, region
of origin, exposure to moderate–high tuberculosis disease
incidence, age, and migratory information, including du-
ration and exposure to conflict, were compared using the
Student’s t-test or the Kruskal-Wallis test for continuous
variables and the chi-square test or Fisher’s exact test for
categorical variables. All variables with a p-value <0.05
were included in a multivariate logistic regression model
and adjusted odds ratios (aORs) and 95% confidence inter-
vals (CIs) were calculated. All tests were two-tailed, and a
p-value ≤0.05 was considered statistically significant. Sta-
tistical analyses were computed using Stata software (Sta-
ta/IC 11.2 for Mac; StataCorp, Lakeway, TX).

Results

Population
Three hundred and seventy-five newly arrived migrant
children were seen in our hospital from 31 August 2015 to
31 August 2017 and were eligible for inclusion. However,
122 children were not included because of paediatric resi-
dents’ lack of awareness or overwork (n = 87), they were
not screened for tuberculosis (n = 16), parental refusal (n =
4), tuberculosis disease was diagnosed before the first con-
sultation (n = 3), the tuberculin skin test was not read (n =
2), the tuberculin skin test was out of stock (n = 9), and tu-
berculosis screening occurred before the first consultation
(n = 1; fig. 1). There were no differences in terms of age,
gender, and WHO region of origin between included and
excluded patients (data not shown).

Two hundred and fifty-three patients were included. The
median age of the enrolled patients was 8.1 years (in-
terquartile range [IQR] 4.5–12.8) and 104 (41%) were fe-
male (table 1). The majority of the patients were born in
the WHO Eastern Mediterranean region (n = 160, 63.2%;

fig. 2). Seventy-eight percent of the patients (198/253)
were living in urban areas in their country of origin. Two
hundred and twenty children (87%) reported exposure to
armed conflicts. The median duration of migration was 1
month (IQR 1–7) and the median number of transit coun-
tries before arriving in Switzerland was 4 (IQR 2–6). Sev-
enty-two patients (28%) had evidence of BCG vaccination
(scar or positive history) (table 1).

Twenty-eight patients (11%) had a tuberculin skin test ≥5
mm. Three of the patients were <5 years of age and had
no evidence of tuberculosis. One of the patients was di-
agnosed with tuberculosis disease; he was fifteen years
and nine months old, came from Eritrea, and had clinical
and radiological evidence of tuberculosis. Microbiological
work up (culture and PCR from bronchoalveolar lavage
and bronchial aspiration) revealed positive results for the
M. tuberculosis complex. The TB-spot test was prescribed
for 25 patients ≥5 years of age and for one patient aged <5

Table 1: Baseline characteristics of the population.

Characteristic Total N = 253

Female gender, n (%) 104 (41%)

Median age, years (IQR) 8.1 (7.5–14)

tuberculosis disease contact, n
(%)

9 (4%)

Median migration time, months
(IQR)

1 (1–7)

Urban residency, n (%) 198 (78%)

Moderate–high tuberculosis dis-
ease incidence*, n (%)

62 (24%)

Exposure to armed conflicts, n
(%)

220 (87%)

BCG vaccination, n (%) 72 (28%)

BCG = bacillus Calmette-Guérin; IQR = interquartile range tuberculosis
disease contact = history of close contact with someone with tubercu-
losis disease * ≥ 80,000 cases of tuberculosis disease per 100,000 in-
dividuals per year

Figure 1: Description of the population. TB = tuberculosis; TBD = tuberculosis disease; TST = tuberculin skin test; * no TB screening (n = 16),
parental refusal (n = 4), tuberculosis disease diagnosed before the assessment (n = 3), oblivion/lack of time (n = 87), lack of tuberculin skin
test interpretation (n = 2), sold out of tuberculin skin tests (n = 9), screening before the medical assessment (n = 1).
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years of age, and 15 (15/26, 58%) of the patients, including
the patient with tuberculosis disease, had positive TB-spot
tests. Thus, overall, 17 out of 253 patients (6.7%) received
a diagnosis of tuberculosis. Sixteen of the patients, includ-
ing three patients <5 years of age, were diagnosed with la-
tent tuberculosis infection, and one patient was diagnosed
with tuberculosis disease. False-positive tuberculin skin
tests were found in 11 patients (11/253, 4%) (fig. 1 and
table 2). On comparing tuberculin skin test measurements
for patients ≥ 5 years of age with true-positive and false-
positive tuberculin skin test results, we found that a higher
proportion of patients with a false-positive tuberculin skin
test result had a measure between 5 and 9 mm in compari-
son with patients with a true-positive result, who had all a
measurement of more than 9 mm (5/9, 56% vs 0/14, 0%, p
= 0.002). It should be noted that tuberculin skin test mea-
surements were not retrievable for two patients positive for
the tuberculin skin test and negative for the TB-spot test.
No patient with a negative tuberculin skin test result devel-
oped signs of tuberculosis disease during the study.

Determinants of tuberculosis diagnosis

Univariate analysis
Tuberculosis patients were significantly older (median of
12.1 years, IQR 9.1–15.9) than non-tuberculosis patients
(median of 7.8 years, IQR 4.5–12.3, p = 0.019; table 3).

Figure 2: WHO region of origin of patients (n = 253).

The median duration of migration was longer in tubercu-
losis patients (8 months, IQR 2–26 vs 1 month, IQR 1–6;
p = 0.0017), and the country of origin differed between
the tuberculosis and non-tuberculosis groups. Eighty-two
percent (14/17) of the tuberculosis patients were born in
a country with a moderate–high incidence of tuberculosis
disease, whereas only 20% (48/236) of the non-tuberculo-
sis patients were born in a country with a moderate–high
incidence of tuberculosis disease (p <0.001). Overall, 23%
(14/62) of patients from a country with moderate–high in-
cidence of tuberculosis disease were in the tuberculosis
group. Finally, more tuberculosis patients (3/17, 17%) than
non-tuberculosis patients (6/236, 3%) reported contact
with tuberculosis disease patients (p = 0.017). There were
no differences between the groups with regards to gender,
area of residency, exposure to armed conflict, or BCG vac-
cination (table 3).

Multivariate analysis
Moderate–high incidence of tuberculosis disease (OR
18.8, 95% CI 5.1–68.6), age (OR per 1 year increase 1.1,
95% CI 1–1.3) and contact with tuberculosis disease pa-
tients (OR 8, 95% CI 1.8–36.2) were significant indepen-
dent variables associated with a tuberculosis diagnosis,
whereas duration of migration was not associated with a
tuberculosis diagnosis (table 3).

Determinants of false-positive tuberculin skin tests in
non-tuberculosis patients (older than 5 years of age)
Among non-tuberculosis patients ≥5 years of age, 11 out of
163 patients (7%) had false-positive tuberculin skin tests
(positive tuberculin skin tests with a negative tuberculosis-
spot tests). Five of these patients had tuberculin skin tests
between 5 and 9 mm, four had tuberculin skin tests ≥10

Table 2: Tuberculin skin test results and TB-spot results in children
aged ≥5 years*

TST results Negative TB-spot re-
sults

Positive TB-spot re-
sults

Negative
TST results

n = 152, TB-spot not done

Positive TST
results†

False-positive: n = 11 True-positive: n = 15*

TB = tuberculosis; TST = tuberculin skin test * 1 patient <5 years old † 5
with TST 5–9 mm (all with a negative TB-Spot) and 19 with a TST ≥10
mm (4 with a negative TB-spot, 15 with a positive TB-spot), 2 without a
retrieveable TST size (all with a negative TB-spot).

Table 3: Predictors of tuberculosis diagnosis (univariate and multivariate analysis).

Characteristics Univariate analysis Multivariate analysis†

Tuberculosis*

(n = 17)
No tuberculosis

(n = 236)
p-value Odds ratio

(95% CI)
p-value

Female gender, n (%) 4 (24%) 100 (42%) 0.2

Median age, years IQR) 12.1 (9.1–15.9) 7.8 (4.5–12.3) 0.019 1.1 (1.0–1.3) 0.025

BCG vaccination, n (%) 7 (41%) 65 (27.5%) 0.27

Tuberculosis disease contact, n (%) 3 (17%) 6 (3%) 0.017 8 (1.8–36.2) 0.007

Median migration time, months (IQR) 8 (2-26) 1 (1-6) 0.0017 1.02 (0.99–1.05) 0.087

Urban residency, n (%) 13 (76%) 185 (78%) 1

Moderate–high tuberculosis disease inci-
dence‡, n (%)

14 (82%) 48 (20%) <0.001 18.8 (5.1–68.6) <0.001

Exposure to armed conflicts, n (%) 14 (82%) 206 (87%) 0.56

BCG = bacillus Calmette-Guérin; CI = confidence interval; IQR = interquartile range; tuberculosis disease contact = history of close contact with someone with tuberculosis
disease * tuberculosis disease or latent tuberculosis infection; † contrast: age: 1 year increase, tuberculosis disease contact and moderate-high tuberculosis disease incidence:
yes vs no, migration time: 1 month increase; ‡ ≥80,000 cases of tuberculosis disease per 100,000 individuals per year;
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mm, and the tuberculin skin test measurements were not
retrievable for two of the patients (table 2). BCG vaccina-
tion was the only variable associated significantly with a
false-positive tuberculin skin test (table 4). Thus no multi-
variate analysis was realised. Fifty-five per cent of patients
with a false-positive tuberculin skin test (6/11) were vac-
cinated with BCG, whereas only 24% (37/152) of the pa-
tients with a negative tuberculin skin test were vaccinated
with BCG (p = 0.03). Overall, 6 out of 43 BCG-vaccinated,
non-tuberculosis patients (14%) had false-positive tuber-
culin skin tests, 4 of the patients had tuberculin skin tests
between 5 and 9 mm, 1 patient had a tuberculin skin test of
10 mm, and the tuberculin skin test measurement for 1 of
the patients was not retrievable.

Discussion

We found a prevalence of tuberculosis of 6.7% in our pop-
ulation of 253 migrant children, and only 1 patient (0.4%)
was diagnosed with tuberculosis disease. The majority of
the tuberculosis patients (82%) were ≥5 years of age and
most (82%) came from a country with a moderate–high in-
cidence of tuberculosis. We also found that the false-pos-
itive tuberculin skin tests in non-tuberculosis patients ≥5
years of age could mostly be explained by BCG vaccina-
tion.

Studies from other high-income countries showed compa-
rable prevalences of tuberculosis in migrant children. Da-
ta from the United States [6–8] and Italy [9] showed la-
tent tuberculosis infection prevalences of 5–7% based on
interferon gamma release assay (IGRA) results. Although
the countries of origin of the migrant children in the stud-
ies from the United States and Italy may differ from the
countries of origin of the children in our population, the as-
sociation between latent tuberculosis infection prevalence
and countries of origin with moderate–high incidence of
tuberculosis were similar. Although there is no consensus
regarding the incidence of tuberculosis in the country of
origin, which varies from 20–500 per 100,000 individuals,
that warrants screening, most national policies consider tu-
berculosis incidence as a risk factor for latent tuberculosis
infection [10, 11].

We found a higher risk of tuberculosis in older patients,
which is not surprising and can be explained by a greater
opportunity for exposure to tuberculosis and, mostly in the
adult population, by immunosenescence. A study conduct-
ed in the United States showed that the risk of tuberculosis

disease in recent entrants (less than 2 years) is low in chil-
dren aged <5 years of age (25–30 children out of 100,000).
In contrast, the incidence in adolescents raises up to 50–70
out of 100,000. The risk was highest in people over 60
years of age (incidence of >150 out of 100,000 individu-
als) [4]. Likewise, Usdin et al. showed that the risk of la-
tent tuberculosis infection was 2.2–3.3 times higher in pa-
tients 21–35 years of age than in students 15–20 years of
age [12].

Swiss guidelines published in 2016 [3] recommended
screening all children <5 years of age even in the absence
of clear risk factors for tuberculosis disease and screening
children ≥5 years of age only if they had contact with an
index case, if they were immunosuppressed or if they pre-
sented with symptoms associated with tuberculosis. Our
results demonstrate that all children coming from countries
with a moderate–high incidence of tuberculosis should be
screened regardless of age. In our study, only 3/17 patients
with latent tuberculosis infection were <5 years of age. Of
the 14 patients ≥5 years of age, only 2 were exposed to
index cases and only the patient with active tuberculosis
presented with symptoms of tuberculosis disease, includ-
ing weight loss. If we had followed the Swiss guidelines
[3], we might have missed diagnosing 65% (11/17) of our
patients with latent tuberculosis infection and these missed
diagnoses may not have been inconsequential in terms of
public health. For example, a study from the United States
showed that the screening of every new migrant would pre-
vent 6–26 new cases of tuberculosis disease for every 3000
migrants [13]. Furthermore, in terms of health costs, treat-
ing latent tuberculosis infection is cheaper and easier than
treating tuberculosis disease [10, 14]. Moreover, as report-
ed by the WHO, latent tuberculosis infection cases are re-
sponsible for the majority of the tuberculosis disease cases
in low tuberculosis incidence countries and contribute sig-
nificantly to the transmission of tuberculosis in high inci-
dence countries. Thus screening for and treating latent tu-
berculosis infection are the main goals of the WHO plan to
contain tuberculosis [15]. It is very important to implement
screening for latent tuberculosis infection early in the mi-
gration process. Indeed, the majority of tuberculosis cas-
es occur within 2 years after arrival in the host country
[4]. The 2017 report of the Swiss Paediatric Surveillance
Unit (SPSU) analysed 29 paediatric cases of tuberculosis
that were diagnosed in 2017. Forty-five percent of these
children were born abroad and 81% of the children born
in Switzerland had at least 1 parent who was born abroad.
Among the children born abroad, the diagnosis of tubercu-

Table 4: Predictors of false-positive tuberculin skin tests results (negative TB-spot tests) in non-tuberculosis children ≥5 years of age (univariate analysis).

Characteristics Total
(n = 163)

False-positive TST
(n = 11)

True-negative TST
(n = 152)

p-value

Female gender, n (%) 61 (37%) 3 (27%) 58 (38%) 0.48

Median age, years (IQR) 10.4 (7.5–14) 11.8 (9.4–14) 10.2 (7.4–14) 0.25

Tuberculosis disease contact, n (%) 4 (2%) 1 (9%) 3 (2%) 0.14

Median migration time, months (IQR) 1 (1–8) 1 (0–6) 1 (1–8) 0.5

Urban residency, n (%) 130 (84%) 11 (100%) 119 (83%) 0.14

Moderate–high tuberculosis disease
incidence*, n
(%)

34 (21%) 3 (27%) 31 (20%) 0.59

Exposure to armed conflicts, n (%) 143 (88%) 8 (73%) 135 (89%) 0.12

BCG vaccination, n (%) 43 (26%) 6 (55%) 37 (24%) 0.03

BCG = bacillus Calmette-Guérin; IQR = interquatile range; TB = tuberculosis; tuberculosis disease contact = history of close contact with someone with tuberculosis disease; TST
= tuberculin skin test * ≥80,000 cases of tuberculosis disease per 100,000 individuals per year
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losis was made within 9 months of their arrival in Switzer-
land [16].

Our study also showed an association between a history
of contact with tuberculosis patients and tuberculosis di-
agnoses, which indicates that systematic screening as pro-
posed in numerous guidelines is justified [3, 10]. Although
the use of a tuberculin skin test limit ≥5 mm regardless of
age, origin and risk factors may diminish the risk of false-
negative results, we believe that a higher threshold should
be used to screen migrant children ≥5 years of age. As pro-
posed in guidelines from other countries, and to reduce the
risk of false-positive tuberculin skin tests without signifi-
cantly increasing the rate of false-negative results, the limit
for a positive tuberculin skin test could be raised to 10 mm
in children ≥5 years of age regardless of BCG vaccination
status if there are no other risk factors, such as contact with
a tuberculosis patient and immunosuppression [17, 18].

Seven percent of non-tuberculosis patients had false-posi-
tive tuberculin skin tests and in more than half of the cases,
this was explained by BCG vaccination. In a meta-analy-
sis of articles published from 1967–2005, Farhat et al. re-
ported a false-positive rate of 8.5% for tuberculin skin tests
≥10 mm in patients vaccinated as infants [19]. We found
a higher false-positive rate of 14% among BCG-vaccinat-
ed patients, which can be explained by our use of a posi-
tivity threshold ≥5 mm because four out of five of our pa-
tients had tuberculin skin test measurements between 5 and
9 mm. The fact that only one of our vaccinated patients had
a tuberculin skin test ≥10 mm can be explained by the fact
that they were >9 years of age. Farhat et al. showed that
the false-positive rate fell to only 1% if the tuberculin skin
test was performed ≥10 years after BCG vaccination [19].
The false-positive results in non-BCG vaccinated patients
could be explained by contact with atypical mycobacte-
ria. In the Farhat study, the rate of cross-reactivity with
atypical mycobacteria ranged from 0.1–2.3%, depending
on the geographic region [19]. Also, some children may
have been vaccinated with BCG, but did not report the vac-
cination and did not have a vaccine scar to indicate vacci-
nation.

Our study has some limitations. First, the number of pa-
tients with latent tuberculosis infection or tuberculosis dis-
ease was low, and this may have impacted our ability to
identify other determinants of tuberculosis. Moreover, a
significant number of eligible patients were not included
(122/375 patients). However, we compared the excluded
and included populations and confirmed that they did not
differ. Second, our results may not be generalisable to other
settings. Indeed, we conducted a single-centre study and
our population may not be representative of other popula-
tions in Switzerland or elsewhere, because migratory flows
might be different or may change over time. We think how-
ever that our population is representative of the asylum
seekers in the Canton de Vaud, as we estimate it to repre-
sent a large proportion of all migrant children in this can-
ton (about 40%). We also expect that the link between the
incidence rate of tuberculosis disease and migration will
remain regardless of the setting. Third, our estimate of the
rate of BCG vaccination may be inaccurate because some
patients may not have vaccine scars and their vaccination
histories may not be accurate. Fourth, we didn’t prescribe
a TB-spot to patients who had a negative tuberculin skin

test. We cannot rule out that we had false-negative tuber-
culin skin tests. Even if no patient with a negative tuber-
culin skin test developed symptoms suggestive of tubercu-
losis during our study, we cannot completely rule out the
risk of a false-negative tuberculin skin test. Finally, it is im-
possible to definitively conclude that the Mantoux tuber-
culin skin test results for the children <5 years of age were
really positive results because two out of the three positive
tuberculin skin test results were between 5 and 9 mm. In
the future, we may test the reliability of the interferon test
to detect tuberculosis in young children [20].

Conclusion

This study showed a prevalence of tuberculosis of 23%
in children who migrated from countries with a moder-
ate–high incidence of tuberculosis disease, and most of
these children were ≥5 years of age. Thus, it could be a
benefit to public health to screen these children in addition
to children <5 years of age even in the absence of other risk
factors, such as contact with a tuberculosis disease patient.
Also, to reduce the rate of false-positive results, the tuber-
culin skin test limit could be raised to 10 mm in children
≥5 years of age. As these results are based on a small co-
hort in a unique area of Switzerland, a national assessment
of migrant children between the ages of 5 and 15 should be
carried out to confirm our findings.
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